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In Asian countries such as China, vertical infection plays a major role in transmitting HBV. The infected babies will eventually develop liver cirrhosis or hepatocellular carcinoma in their adulthood, and female babies will continue the cycle of vertical transmission to their offsprings [1] [2] [3] . Recent data indicate that intrauterine infection is one of the important routes of HBV vertical transmission, and the rate of intrauterine HBV infection is 10-44.4% [3, 4] . Furthermore, studies have proved that most intrauterine infections can be prevented by inoculation with HBVac and HBIG in the perinatal stage, but 5-10% of the infections cannot be prevented by the combination of HBIG and HBVac [5, 6] . The mechanism for this fact is controversial. Some researchers suspected that the infection of ova with HBV may be a factor in this mechanism [7] . But this was just a supposition, and little data exist to prove it.
To explore if HBV could infect the ovaries and ova, we detected the expression of HBsAg and HBcAg in the ovaries and ova of patients with chronic hepatitis B (CHB) by immunohistochemistry method.
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Ovary tissues were obtained from 18 patients with CHB who received surgery for ovary disease at the First Hospital of Xi'an Jiaotong University in China. The specimens were collected after surgery. Serum samples from these patients were tested for different HBV markers including HBsAg, HBeAg, anti-HBc, anti-HBe (HBVM) using a commercially available ELISA kit (Sino-America Biological Technology, Inc., Beijing, China) prior to surgery. HBsAg was positive while HCV, HIV, HAV, and HEV were negative in 18 patients. All reactions were performed at the Immunohistochemistry Laboratory in Xi'an Jiaotong University. Ovary tissues were fixed in 40 g/L formaldehyde, embedded with paraffin and cut into 4 µm thick sections. Mouse (McAb) against HBsAg (Dako, Denmark) and rabbit polyclonal antibodies against HBcAg (Baoxin, China) were used for immunohistochemical test. DAB staining kits were purchased from Wuhan BoShiDe Biological Engineering Ltd. Company.
HBsAg and HBcAg were detected by immunhistochemical staining using the avidin-biotin complex (ABC) method on the sections of ovarian tissues. In brief, formalinfixed, paraffin-embedded sections were deparaffinized in xylene and passed through ethanol series. After the endogenous peroxidase activity was blocked, the sections were rinsed in 0.01 mol/L PBS. Non-specific binding was blocked by treatment with 5% normal serum for 30 min. Primary antibody was applied to the sections and incubated in a moist chamber overnight at 4 . After the sections were washed in 0.01 mol/L PBS, second antibody was applied and sections were incubated for 30 min at 37 in a moist chamber. After being washed, the sections were incubated with avidin-biotin-peroxidase complex for 30 min at 37 in a moist chamber and washed again. The chromogen, 3-3-diaminobenzidine (DAB) was added to the sections for 10 min.
The sections of HBsAg and HBcAg positive livers from autopsy were used as positive control, and the sections of ovaries from HBVM negative women served as negative control. At the same time, PBS was used as blank control instead of the first antibody in immunohistochemical test. Dark brown yellow in cytoplasm, cytomembrane or nuclei was regarded as strongly positive, brown yellow as positive, and light brown yellow as weakly positive.
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Expression of HBsAg in the ova and granular cells of the ovaries was located in the cytomembrane and cytoplasm. The positive rate was 11% (2/18). Negative control and blank control were negative. (Figures 1A and B) Expression of HBcAg in the ova, granular, interstitial and endothelial cells of interstitial blood vessels of the ovaries was found in the cytomembrane, cytoplasm, and nuclei. HBsAg and HBcAg in the ovaries were strongly positive. The positive rate was 45% (8/18). Negative control and blank control were negative. (Figures 1C-H) .
DISCUSSION DISCUSSION DISCUSSION DISCUSSION DISCUSSION
Much attention has been paid to the effective prevention of vertical HBV transmission [1] [2] [3] [4] . It was reported that intrauterine HBV is transmitted through HBV-infected placenta and HBV could enter the blood of infant through placental leak [8] . But this cannot explain why HBV can infect the embryo (46 d). Chen et al. [7] , showed that HBV cannot infect the embryo through placenta. They believe there is another mechanism by which HBV infects the embryo.
Yu et al. [9] , proved that hemorrhagic fever virus exists in the ova of rodent. Bovine viral diarrhea virus can infect the ova of bovine [10] . Tagawa et al. [11] , found that duck HBV (DHBV) is expressed in yolk of duck with hepatitis B, and that DHBVDNA is present in liver of embryo after 6 d of incubation, suggesting DHBV could infect the egg of duck and replicate in it. Zhao et al. [12] , reported that DNA of TTV is found in the ovaries of CHB patients by hybridization in situ. Zhou et al. [13] , reported that HBVDNA is present in plasma of ova and in interstitial cells of the ovaries of a patient who died of serious hepatitis B. Taylor et al. [14] , have detected HBsAg in follicular fluid of CHB patients by immunohistochemistry method.
In this study, HBsAg and HBcAg were expressed in ova and granular cells of the ovaries. HBcAg was expressed in ova at different stages of development, suggesting that HBV can infect the ovaries and ova, and replicate in them. The fact suggests that HBV-infected ova may cause the vertical transmission of HBV, which cannot be prevented by inoculation of HBV vaccine and HBIG because the embryo is infected as zygote is formed.
In this study, the positive rate of HBsAg (11%) was lower than that of HBcAg (45%). We consider that the primary antibody against HBsAg is monoclonal antibody (McAb), but the primary antibody against HBcAg is polyclonal antibody. Since the binding epitope of McAb is less than that of polyclonal antibody, the positive rate of HBsAg is lower. On the other hand, in the ova, the synthetizing and expression of HBcAg by HBV may be higher than that of HBsAg in the ovaries. The amount of HBsAg is more than that of HBcAg in liver cells [15, 16] . Of course, a little sample may be a reason.
In conclusion, HBV can infect the ovaries and ova and replicate in them. But how does HBV infect the ovaries and ova and whether HBV-infected ova results in HBV vertical transmission remain unknown.
